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I.  INTRODUCTION 


The  use  of  alcohols  as  fuel  extenders  is  being  considered  to  reduce  U.S. 
dependence  on  foreign  oil  and  to  prolong  the  existing  supply  of  domestic 
petroleum.  The  use  of  ethanol  In  particular  has  been  intensively  researched 
for  possible  economic  and  environmental  advantages  over  neat  gasoline.  For 
example,  a  blend  of  10  vol%  ethanol  in  gasoline  increases  the  antiknock  index 
2-5  octane  numbers  over  that  of  the  base  gasoline  and  reduces  the  hydrocarbon 
and  carbon  monoxide  exhaust  emissions.  However,  deleterious  effects  can  arise 
from  incompatibilities  of  ethanol  with  different  gasolines  and  elastomers 
which  may  be  accentuated  in  storage,  routine  handling  and  distribution.  As  a 
result,  other  oxygenates  such  as  methanol,  iso-propanol,  t^butanol,  methyl-r- 
butyl  ether,  and  methyl-iso-butyl  ketone  (MIBK)  blended  with  gasoline  alone  or 
in  various  combinations  are  being  considered  to  determine  any  advantages  over 
ethanol/gasoline  blends. 

Several  analytical  methods  dealing  with  gasohol  as  well  as  synfuels  and  con¬ 
ventional  fossil  fuels  have  been  studied.  Various  qualitative  and  quantita¬ 
tive  methods  for  the  determination  of  alcohols  in  gasohols  are  being  eva¬ 
luated.  Infrared  spectrophotometry  has  been  found  to  be  a  useful  method  for 
the  quantitative  determination  of  the  volume  percent  of  oxygenates  in  a  gaso¬ 
line  blend  for  specification  conformation. 


II.  APPROACH 


An  infrared  spectroscopic  method  for  oxygenates  has  been  emphasized  because  of 
its  high  potential  for  speed,  low  cost,  and  specificity.  Figure  1  shows  a 
typical  IR  spectrum  of  a  fuel  blend.  Using  the  PEAKPICK  MODE  of  a  Beckman 
Microlab  620MX  computing  infrared  spectrophotometer,  analytical  frequencies 
for  each  component  were  chosen  where  there  was  little  or  no  interference  from 
other  components.  Figure  2  shows  an  instrument  printout,  and  Table  1  lists 


TABLE  1.  ALCOHOL  ANALYTE  BAND  NUMBERS 


_ Component _ 

Gasoline 

Methanol 

Ethanol 

iso-propanol 

_t_-butanol 

Methyl-^t-butyl  ether 


Analytical  Frequency,  cm 

967 

1030 

882 

952 

914 

1086 


these  chosen  frequencies.  Three  background  frequencies,  1255  cm  ,  1230  cm  , 
and  860  cm  *,  were  also  selected  which  bracket  the  analytical  frequencies  and 
are  used  for  baseline  correction.  Figure  3  shows  the  IR  spectrum  of  a  fuel 
blend  with  the  analytical  and  baseline  frequencies  marked.  Using  these  back¬ 
ground  points,  the  net  percent  transmittance  at  each  frequency  is  obtained, 
converted  to  absorbance  values,  and  normalized  with  respect  to  unit  path 
length  and  concentration. 


Each  set  of  values  was  stored  in  array  rows  of  a  net  normalized  absorbance 
matrix  and  was  later  used  to  calculate  the  percentages  of  alcohols  in  unknown 
samples. 
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FIGURE  1.  TYPICAL  INFRARED  SPECTR1 


1  SCAN  routines: 

1-SCAN  2-REPSCAN  1 

3-PEAKPICK  4-TIHEDRIUE 

IHIIISHIH 

SET  XT  DISCRIMINATOR 

50 

ENTER  SCANNING  PARAMETERS  THEN 

PUSH  START 

SCAN  parameters:  I-RANGE  2-SPEED 

3-CHART  FORMAT  4-SLIT  5-GAIN 

ENTER  RANGE 

2800  TO  0608 

1604CM-1 

46.7XT 

I5I2CM-1 

49.9XT 

1494CM-1 

22.2XT 

1459CH— 1 

9.5XT 

1378CN-1 

26.0XT 

1080CM-I 

49.7XT 

1030CM-1 

6.2XT 

0967CN-1 

48.7XT 

8888CM- 1 

50.0XT 

0803CH-I 

44.4XT 

0793CN-1 

37.7XT 

0767CH-1 

24. 1XT 

0727CH-1 

1.1XT 

0689CM-1 

1.5XT 

0667CH-1 

0.2XT 

0640CM-1 

0.5XT 

0633CM-1 

8.4XT 

0618CN-1 

0.4XT 

06I2CN-1 

0.5XT 

8608CN-I 

8.5XT 

FIGURE  2.  INSTRUMENT  PRINTOUT  OF  PEAKPICK  MODE 


III.  EXPERIMENTAL 


All  calculations  were  performed  using  a  matrix  set  up  for  each  gasoline  by  the 
Beckman  Microlab  620MX  computing  Infrared  spectrophotometer.  An  unknown 
sample  was  analyzed  using  a  precisely  calibrated  (0.025  cm  nominal)  sealed 
cell  to  prevent  evaporation.  The  cell  was  filled  completely.  Including  the 
syringe  fittings  to  ensure  that  absolutely  no  air  was  trapped. 

A  NaCl  cell  was  used  with  no  difficulty  since  no  analytical  frequencies  were 
needed  between  700  and  600  cm-1.  However,  the  attack  on  the  cell  by  methanol 
was  too  severe  and  reqrl  *ed  the  use  of  Irtran  cells.  After  the  analysis  was 
completed,  the  cell  was  cleaned  with  heptane  and  dried. 

A.  Standa rds 

To  establish  a  procedure  for  preparing  standards,  spectra  of  varying  concen¬ 
trations  of  each  alcohol  in  a  gasoline  were  obtained,  with  Figure  4  showing  a 
low  and  high  standard  for  methanol.  The  net  peak  absorbance  was  plotted  as  a 
function  of  concentration  for  each  alcohol,  and  a  linear  response  with  a  non¬ 
zero  intercept  was  obtained  in  each  case.  Figure  5  shows  the  plot  for  metha¬ 
nol.  As  a  result,  a  low  and  high  calibration  standard  is  used  for  each  com¬ 
ponent  in  a  non-zero  intercept  method. 

B.  Instrumental 

Using  the  quantitative  routines  on  the  computing  infrared  spectrophotometer,  a 
POINT  PROGRAM  MODE  and  NORMALIZE  MODE  are  run  for  each  component.  A  POINT 
PROGRAM  operation  obtains  transmittance  measurement  at  prescribed  wavelengths 
and  stores  these  data  for  further  use.  A  POINT  PROGRAM  printout  is  shown  in 
Figure  6.  The  NORMALIZE  MODE  operation  retrieves  the  data  stored  by  the  POINT 
PROGRAM,  and  with  cell  pathlength  and  component  concentration  values  supplied, 
converts  all  data  to  a  "normalized"  standard  format  for  future  use.  These 
normalized  data  take  into  account  variations  in  cell  pathlengths  in  subsequent 
analyses  and  the  concentration  of  components  in  the  standardization  runs. 
Although  used  as  the  solvent  for  the  alcohols,  the  gasoline  was  run  as  an 
undiluted  component  due  to  some  absorbance  at  the  analytical  frequencies  and 


11 


*-  \ 


V 


V 


FIGURE  4.  INFRARED  SPECTRA  OF  LOW  AND  HIGH  STANDARDS  FOR  METHANOL 


FIGURE  5.  INFRARED  RESPONSE  FOR  METHANOL  IN  GASOLINE 


QUANT  ROUTINES:  l-PT  PROGRAM  2-H0RHAIIZE 
3-ARRAY8UIL0  4-ANALYSIS  5-ENTER  ARRAY 

csshikiihi  POINT  PROGRAM  •****«i*««m» 

ENTER  NUMBER  OF  POINTS 
5 

POINTS  MUST  BE  ENTERED  IN 
DECREASING  ORDER 
ENTER  A  UAUENUNBER 
1255  CH-1 

ENTER  A  UAUENUNBER 
1230  CH-1 

ENTER  A  UAUENUNBER 
1030  CH-1 

ENTER  A  UAUENUNBER 
0967  CH-1 

ENTER  A  UAUENUNBER 
0060  CH-1 

ENTER  NUMBER  OF  READINGS  TO  AUERAGE 
09 

PUSH  START 


•1 

1255 

CH-1 

77.3 

XT 

•2 

1230 

CH-1 

78.6 

XT 

•3 

1130 

CH-1 

8.2 

XT 

#4 

0967 

CH-1 

61.3 

XT 

#5 

0860 

CH-1 

78.3 

XT 

QUANT  routines:  l-PT  PROGRAM  2-NORHAUZE 
3-ARRAYBUIID  4-ANALYSIS  5-ENTER  ARRAY 


FIGURE  6.  POINT  PROGRAM  PRINTOUT 
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possible  variability  in  concentration.  The  absorbance  values  obtained  for  the 
base  gasoline  were  stored  In  Array  Row  1  of  the  net  normalized  absorbance 
matrix  and  were  used  to  correct  the  absorbance  values  at  the  other  analytical 
frequencies. 

A  POINT  PROGRAM  and  NORMALIZE  MODE  were  run  for  each  low  and  high  standard  of 
the  alcohol  components.  The  low  standard,  usually  1  percent  alcohol,  was  run 
first,  and  the  high  standard,  usually  10  percent  alcohol,  was  then  run  as  an 
intercept  correction.  The  original  concentration  of  the  alcohol  (1  percent) 
and  the  analyte  band  number  of  that  particular  alcohol  were  identified  as 
required  by  the  program.  The  absorbance  values  obtained  for  the  high  standard 
were  entered  in  the  same  array  row  as  the  values  for  the  low  standard.  NOR¬ 
MALIZE  printouts  for  the  two  standards  are  shown  In  Figure  7.  After  all  the 
components  had  been  entered,  the  normalized  absorbance  matrix  was  inverted 
using  the  ARRAY  BUILD  MODE  which  formed  the  analysis  matrix  shown  in  Figure  8. 

A  sample  was  scanned  using  the  ANALYSIS  MODE  of  the  quantitative  routines 
which  recalled  the  matrix  set  up  by  the  computer,  measured  the  data  at  the 
specified  frequencies,  and  computed  the  concentrations  of  the  component  pre¬ 
sent.  The  sample  was  normalized  to  100  percent  since  the  sum  of  all  com¬ 
ponents  was  100  percent.  Figure  9  shows  an  ANALYSIS  printout. 

C.  Sample  Preparation  and  Handling 

Blends  of  alcohols  with  different  base  fuels  were  analyzed  to  study  the  gaso¬ 
line  matrix  effect.  Since  different  gasolines  have  variable  compositions,  a 
new  quantitative  program  was  established  for  each  new  gasoline  to  be  analyzed. 
To  identify  which  alcohols  were  present  as  analytes,  a  scan  of  the  blend  was 
obtained  and  examined  for  peaks  at  the  respective  analyte  wavelengths.  If  the 
base  fuel  was  not  readily  available,  it  was  recovered  by  removing  the  alcohols 
by  water  extraction. 

A  100-ml  sample  was  extracted  using  two  50-ml  portions  of  wster.  After  the 
washings,  the  extracted  gasoline  was  filtered  over  Na^SO^.  The  recovered  fuel 
was  then  used  to  prepare  the  low  and  high  standards  needed  to  set  up  the  new 
quantitative  program. 
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Because  ethanol  severely  attacks  the  NaCl  cell.  «thanol  was  run  using  an 
Irtran  cell.  After  being  placed  in  the  infrared  spectrophotometer,  the  cell 
was  allowed  to  warm  up  for  approximately  3-5  minutes  to  reach  a  constant 
pathlength  before  analysis. 


15 


i  - 


\ 


V* 


V 


MORAL  14 


MORALIZE 


01 

1233  CIH 

01.3 

XT 

01 

less  CN-i 

77.3 

XT 

02 

1230  CN-1 

02.0 

XT 

02 

1230  CN-1 

70.4 

XT 

03 

1030  Clt-l 

31.1 

XT 

03 

1030  CN-1 

0.2 

XT 

04 

0*7  CN-1 

03.9 

XT 

04 

0*7  CN-1 

41.3 

XT 

03 

OM  CN-1 

01.0 

XT 

03 

0040  CN-1 

70.3 

XT 

ENTER 

BACKGROUND 

NUNOERS 

ENTER 

OACKGROUHO 

NUNOERS 

01 

01 

ENTER 

BACKGROUND 

NUNOERS 

ENTER 

BACKGROUND 

NUNOERS 

02 

02 

ENTER 

BACKGROUND 

NUNOERS 

ENTER 

BACKGROUND 

NUNOERS 

•3 

03 

ENTER 

PATHLENGTH 

ENTER 

PATHLENGTH 

•§ss 

ENTER  CONCENTRATION 

Ml 

ENTER  SOLVENT  CONCENTRATION 

0099 

ENTER  ARRAY  ROM  NUNOER 
2 

IS  THIS  AH  INTERCEPT  CORRECTION? 
1  TOR  YES  0  FOR  NO 
NO 

PUSH  START 
ROM  sOR 
PATHLEKTH  =  .120 
CONCENTRATION  :  Ml 
SOLVENT  CONCENTRATION  :  0099 
1030  CN-1  l.MS  A 

0*7  CIH  0.0101  A 


.128 
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0010 
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2 
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FIGURE  7.  NORMALIZE  PRINTOUTS  FOR  TWO  STANDARDS 


Hmmiii*  array  BiillO  hmmimmm 
IS  THIS  AN  INTERCEPT  CORRECTION? 
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1 
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FIGURE  8.  ARRAY  BUILD  MODE  PRINTOUT 


17 


IKHUUIIH  ANALYSIS  ■»«*« 
ENTER  ANALYSIS  I 
1 

ENTER  NWI8ER  Of  READINGS  TO  AOERACE 

99 

ENTER  PATHLEN6?« 

.945 

NORNALIZE  ANSARS  TO  1192  ? 

1  FOR  YES  %  m  NO 
YES 

PUSH  START 
ANALYSIS 
NORNAL  SLIT 


CAIN 

SETTING  r  941 

1 

•1 

1255 

Cfl-i 

49.9 

*T 

•2 

1239 

CN-1 

45.8 

*T 

13 

1939 

CN-1 

9.1 

*T 

#4 

9967 

CN-1 

29.5 

2T 

15 

•869 

CN-i 

39.8 

2T 

1939 

CN-1 

2.6289 

A 

9967 

CH-1 

9.1484 

A 

CONPONENT  1 

89.9286 

COMPONENT  2 

19.9794 

FIGURE  9.  ANALYSIS  PRINTOUT 
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IV.  RESULTS 


Single-component  standards  of  known  concentrations  were  run  in  tests  of  re¬ 
peatability  and  reproducibility.  Low  standard  and  average  deviations  for  all 
alcohols  are  shown  in  Table  2.  In  tests  of  repeatability,  the  relative  devia¬ 
tions  remained  low  for  the  1-  and  IO-volZ  blends.  The  20-volX  blends  have 
higher  standard  deviations,  but  this  concentration  is  not  normally  en¬ 
countered.  The  relative  deviations,  which  remained  fairly  constant  for  all 
blends,  were  larger  for  the  reproducibility  tests  due  to  the  decreased  trans¬ 
mittance  of  the  Irtran  cells. 

Several  multicomponent  mixtures  of  methanol,  ethanol,  and  ^-butanol  were 
prepared  and  analyzed.  Table  3  shows  the  results  of  these  analyses.  Compared 
to  the  single-component  analysis  shown  in  Table  2,  a  multicomponent  analysis 
was  not  quite  as  accurate  due  to  the  functional  group  similarity  of  the  alco¬ 
hols.  However,  this  is  a  good  method  to  identify  the  relative  concentrations 
of  any  alcohols  present.  A  single-component  analysis  has  been  recommended  to 
be  set  up  for  MIBK  at  1725  cm  since  MIBK  does  not  use  the  same  background 
points  of  1255  cm  *,  1230  cm  \  and  860  cm  *  as  used  for  alcohols. 

Actual  analysis  of  an  individual  sample  required  only  five  minutes.  Approxi¬ 
mately  thirty  minutes  is  needed  to  set  up  a  single-component  quantitative 
program.  An  extra  twenty  minutes  is  needed  for  each  additional  alcohol,  and 
if  necessary,  a  water  extraction  can  be  completed  in  thirty  minutes. 
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TABLE  2.  ALCOHOL-GASOLINE  BLENDS:  IR  ANALYSIS 


Repeatability _ 

_  5  Runs 


Alcohol 

Label 

Value,  % 

Stan.  Dev. 

Avr.  Dev. 

MeOH* 

1% 

1.04 

0.01 

0.01 

10% 

9.49 

0.09 

0.07 

20% 

19.39 

0.14 

0.12 

EtOH 

1% 

1.18 

0.02 

0.01 

10% 

9.73 

0.02 

0.02 

20% 

19.45 

0.04 

0.03 

IPA 

1% 

1.16 

0.01 

0.004 

10% 

9.58 

0.05 

0.04 

20% 

18.90 

0.24 

0.18 

TBA 

1% 

1.01 

0.01 

0.01 

10% 

9.73 

0.03 

0.02 

20% 

19.87 

0.06 

0.05 

MTBE 

1% 

1.01 

0.05 

0.04 

10% 

10.37 

0.06 

0.04 

20% 

17.97 

0.21 

0.17 

Reproducibility 


5  Runs 

Alcohol 

Label 

Value.  % 

Stan.  Dev. 

Avr.  Dev. 

MeOH* 

1% 

0.99 

0.05 

0.03 

10% 

8.81 

0.11 

0.08 

20% 

20.91 

0.15 

0.11 

EtOH 

1% 

1.10 

0.02 

0.01 

10% 

9.88 

0.06 

0.05 

20% 

19.13 

0.05 

0.04 

IPA 

1% 

1.16 

0.01 

0.01 

10% 

9.86 

0.04 

0.03 

20% 

18.24 

0.08 

0.05 

TBA 

1% 

1.00 

0.01 

0.004 

10% 

10.06 

0.05 

0.04 

20% 

19.55 

0.04 

0.05 

MTBE 

1% 

0.96 

0.003 

0.003 

10% 

10.13 

0.04 

0.04 

20% 

20.11 

0.08 

0.06 

*Irtran  cell  used  with  4  runs. 
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TABLE  3.  MULTICOMPONENT  ANALYSIS 


Sample 

Component 

Known  volZ 

Determined  volZ 

A 

MeOH 

1 

1.15 

EtOH 

9 

9.58 

TBA 

5 

5.35 

B 

MeOH 

2.75 

3.16 

EtOH 

10.0 

12.05 

TBA 

2.75 

2.95 

C 

MeOH 

2.75 

3.08 

EtOH 

— 

0.06 

TBA 

2.75 

3.01 
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V.  CONCLUSIONS 


The  infrared  method  for  oxygenates  Is  a  quick,  economical  way  to  quantita¬ 
tively  determine  the  presence  of  alcohols  in  gasoline/alcohol  blends.  The 
Beckman  Microlab  620MX  computing  Infrared  spectrophotometer  is  easily  pro¬ 
grammed  for  this  analysis. 

Both  single-  and  multicomponent  analyses  were  run  using  several  different 
alcohols.  However,  due  to  the  functional  group  similarity  of  the  alcohols, 
the  multicomponent  analysis  was  not  as  accurate.  The  use  of  Irtran  cells  for 
methanol  blends  increases  the  relative  deviations  due  to  lower  transmittance. 
When  not  readily  available  to  prepare  the  standards,  the  base  fuel  is  re¬ 
covered  by  water  extraction  of  the  alcohols. 

Once  the  quantitative  program  is  set  up  for  a  particular  gasoline,  an  actual 
analysis  requires  only  five  minutes,  and  tests  of  repeatability  and  reproduci¬ 
bility  have  shown  low  standard  deviations  for  each  alcohol.  Multicomponent 
standards  are  also  easily  set  up  for  methanol,  ethanol,  and  ^-butanol  mix¬ 
tures,  but  a  single-component  program  using  different  background  points  is 
needed  for  me thyl-fr- butyl  ether. 
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